. The radiologic studies for acute pneumonia show findings of consolidation, ground-glass attenuation and nodules ( Fig. 2 ) (6). Severe pneumonia may progress to lung abscess, while inflammation in the adjacent chest wall may propagate to the ribs and vertebral bodies to cause osteomyelitis ( Fig. 3) (2, 5) .
Chronic pulmonary infection may be accompanied by pulmonary fibrosis, honeycomb lung, pulmonary artery hypertension, or pleural thickening (Fig. 4 ) (6).
Lymph node manifestation
Lymphadenopathy is fairly common in patients with CGD (Figs. 5, 6 ). Suppurative lymphadenitis is found in 60% of CGD patients, having the second highest rate next to lung infection, while Staphylococcus aureus is the most common pathogen for this infection. With respect to lesions, cervical lymphadenitis is the most common affliction (1) . On CT scan, suppurative lymphadenitis presents with enlarged and contrast-enhanced lymph nodes with a necrotic central low-density area (Fig. 7) . Ultrasonography shows internal debris in volute shapes, and some cases reveal a thick septation as well as increased color flow signals within the septation. Nonsuppurative lymphadenitis indicates chronic inflammation with the formation of granulation tissues within the lymph nodes, which appear to be similar to the imaging findings of lymphadenopathy (5) . As a sequel of long-term lymph node inflammation, CGD cases with nonsuppurative lymphadenitis may be accompanied by calcification of the lymph nodes (Fig. 8 ).
Main points
• Chronic granulomatous disease (CGD) is a very rare immunodeficiency disorder with a functional compromise of the phagocytes, because of which CGD patients cannot protect themselves from an infection. A bacterial or fungal infection may infiltrate the body systemically, leading to atypical repeated infections.
• CGD patients most often develop a pulmonary infection, but they may also contract infections that invade multiple organs such as the lymphatic system, liver, the gastrointestinal tract, the musculoskeletal system, or the central nervous system. In particular, CGD patients tend to contract infection in unusual areas, in which children with normal immunity are not prone to infection. A severe infection developed in an organ may propagate to adjacent tissues, causing complications such as tissue necrosis or fistula formation.
• Clinicians should consider the possible diagnosis of CGD in patients with unexplainable recurrent infections, unresponsiveness to treatment, or continuous infectious symptoms. Finally, microorganisms are effectively removed by the reactive oxygen species formed within the phagosomes (IV). However, owing to the genetic defect of NADPH oxidase enzyme complex in CGD patients, the reactive oxygen species are not generated. Thus, microorganisms remain alive within the phagosomes, causing chronic infection (V).
Hepatosplenic manifestation
More than 90% of CGD patients are afflicted with hepatosplenomegaly (2). Liver and splenic abscesses are found in 25% to 50% of CGD patients. Since a liver abscess is generally very rare among children, clinicians should be suspicious of CGD upon confirmation of one (5) . Radiologic studies of sporadic liver abscess commonly show a single lesion and recurrence is rare after treatment. However, the proportion of CGD with a liver abscess comprises 27% of CGD patients, while S. aureus is the cause for approximately 50% or more CGD patients with liver abscess (1). Since CGD symptoms are not severe, CGD patients often present with fever only, and have no accompanied abdominal pain. In about 60% of CGD patients with liver abscess, multiple abscesses of various size develop concurrently; after treatment, recurrent liver abscesses are seen in about 40% of the cases. Liver abscess in CGD shows findings of various imaging morphologies (7). On CT scan, a small-sized liver abscess (<1 cm) displays homogeneous contrast enhancement. A medium-sized liver abscess (1-3 cm) shows typical abscess characteristics of central low attenuation and peripheral rim enhancement ( Fig. 9) . A large-sized abscess (>3 cm) might be seen as a multiloculated abscess. On ultrasonography, a hypoechoic or isoechoic lesion compared to adjacent liver parenchyma, containing semi-solid debris may indicate a liver abscess (Fig. 10) . A large-sized liver abscess can be treated with fluoroscopy-guided percutaneous catheter drainage ( Fig. 11) 
(5).
Splenic abscess is less frequent than liver abscess among CGD patients; nonetheless, one-third of CGD patients with liver abscess are concurrently inflicted with splenic abscess (5).
Musculoskeletal manifestation
Soft tissue abscess is the third most common infection among CGD patients, caused most commonly by staphylococci (1) . An abscess may occur even in the subcutaneous layer, which is usually accompanied by inflammation in the adjacent skin. On ultrasonography, soft tissue abscesses are shown as diffuse homogeneous hypoechoic or anechoic lesions, while the tissues adjacent to the periphery of abscess are also affected with inflammation ( reveals diverse signal changes depending on abscess contents such as proteinaceous debris, necrosis, or gas (9) .
Osteomyelitis occurs in 25% of all CGD patients (1) . Infection caused by Serratia spp. is the most common, and Aspergillus spp. infection is the second most common affliction in CGD (1). Osteomyelitis develops generally in the metaphysis of long bones, while osteomyelitis in CGD patients usually invades the small bones of the ribs, the vertebrae, or the lower extremities. This is due to the fact that severe pneumonia or soft tissue infection propagates to the adjacent bones in CGD patients (Fig. 13) (5) . Furthermore, osteomyelitis invading the small bones of the hands and feet directly develops and propagates from inflammation in the skin (2) . Osteomyelitis in the upper and lower extremities may be caused by hematogenous propagation of inflammation ( Fig. 14) (2) . The early phase of osteomyelitis may reveal osteolytic lesions on x-ray imaging (Fig. 15) , but the later phase of the disease displays osteosclerotic lesions (2) .
The characteristic image findings of myositis in CGD patients have not been reported yet. Nevertheless, on MRI, myositis in immunocompromised patients may show focal high signal intensity lesions within the muscles, accompanied by severe perilesional edema. It may also exhibit abscess formation (Fig. 16) (10) .
CNS and ENT manifestation
The central nervous system (CNS) infection is rather rare in CGD patients, showing a prevalence rate of 5% or less (1). Brain abscess may occur as a secondary infection caused by pathogens like Aspergillus spp. or S. aureus through hematogenous transmission (1). Contrast-enhanced MRI of CNS infection, which largely occurs in the gray matter-white matter junction, may show typical rim-enhancing lesions with peripheral vasogenic edema (Fig. 17) (5) .
Infections of the ear, nose, and throat (ENT) occur in 12% of CGD patients. Among them, the most common infection is otitis, which accounts for 33% of ENT infections, while parotitis takes up 5% (11) . Radiologic findings of external and middle ear diseases in CGD patients are similar to those of patients with normal immunity. In particular, necrotizing otitis externa, an infection that occurs in the cartilage and bones of the external auditory canal, develops mainly in immunocompromised patients (12) . On the CT scan, the skin of the external auditory canal and the auricle are thick with contrast enhancement. Cases accompanied by bony destruction of the tympanic bone and mastoid bone, especially, suggest a grave prospect of life-threatening necrotizing external otitis (Fig. 18) (12) .
The characteristic image findings of parotitis in CGD cases have not been reported yet. The typical image findings of parotitis show an enlarged parotid gland and diffuse enhancement with contrast. Parotitis is also accompanied by inflammatory change in subcutaneous soft tissues (Fig. 19) (5) .
Gastrointestinal manifestation
Gastrointestinal infection in CGD patients may be caused by granulomatous inflammations in the entire gastrointestinal system from mouth to anus (13) . The pathogens that cause granulomatous inflammation include mostly gram-positive S. aureus and gram-negative organisms such as Escherichia coli, and Salmonella and Klebsiella spp. (2) . Granulomatous inflammation of the upper gastrointestinal tract was shown as diffuse edematous wall thickening of the esophagus and the stomach (Fig. 20) . In particular, the antral wall of the stomach may thicken due to granulomatous inflammation. Owing to the nonspecific attribute of wall thickening in such images, this disorder may be mistaken for peptic ulcer disease, Crohn disease, or eosinophilic gastritis (Fig. 21) (2) . In the lower gastrointestinal tract, inflammatory granulomatous colitis is the most common manifestation in CGD patients. However, CGD patients with inflammatory granulomatous colitis have nonspecific symptoms and radiologic findings similar to the clinical and radiologic manifestations of inflammatory bowel diseases such as ulcerative colitis or Crohn disease (Fig. 22) . Thus, differentiating the symptomatic onset of CGD-related lower gastrointestinal tract disorder from inflammatory bowel diseases may be challenging (14) . Furthermore, CGD patients may also develop peritoneal abscess, lymphadenopathy, lymphadenitis, or peritonitis (5).
Genitourinary manifestation
Infection of the urinary system is relatively rare in CGD patients, but recurrent urinary tract infections, cystitis, renal and perinephric abscesses may occur (2) . fuse wall thickening of the urinary bladder in imaging studies (Fig. 23) . This disorder may also be accompanied by an inflammatory pseudotumor. Wall thickening in the ureterovesical junction leads to a ureteral outflow obstruction, which may cause secondary hydronephrosis (5) . A long-term infection of pyelonephritis or renal abscess may lead to renal calcification (Fig. 24) as a complication (5). About 3% of CGD patients develop an end-stage renal disease. This is largely due to a longterm nephrotoxicity secondary to antibiotic treatments (15) .
Although inflammation of the genital system is rather rare, orchitis and epididymitis can occur in CGD patients (5).
Treatment
Generally, acute infections in CGD patients are treated with prophylactic antibiotics and antifungal agents. Recently developed antibiotics and antifungal agents have contributed to extended survival rates for most patients well into their adulthood. Interferon-γ is additionally administered in an effort to boost the phagocytic oxidative metabolism in some forms of CGD that respond to this treatment. Lately, allogeneic hematopoietic stem cell transplantation has also been restrictively implemented (3).
Conclusion
CGD is a very rare immunodeficiency disease characterized by repeated infections that invade multiple organs. CGD patients are prone to catalase-positive bacterial or fungal infections. CGD patients are likely to contract atypical infections or inflammations such as liver abscess, pneumonia-accompanied thoracic infection, or persistent lymphadenitis, which is an unlikely prospect for children with normal immunologic functions. Accordingly, clinicians should consider the possibility of CGD in pediatric patients with an infection unresponsive to treatments, repeated infections, unusual location of infection, or a severe infection that propagates to adjacent tissues. 
